Abstract. Riparian clearing and the removal of wood from channels have affected many streams in agricultural landscapes. As a result, these streams often have depauperate in-stream wood loads, and therefore decreased habitat complexity and lower levels of in-stream biodiversity. The introduction of wood was investigated as a possible rehabilitation technique for agricultural streams. Wood was re-introduced to eight streams in two separate high-rainfall, intensively grazed regions of Victoria, Australia and the effect on aquatic macroinvertebrate communities was measured. The addition of wood increased overall family richness and the richness of most functional feeding groups occupying edge and benthic habitats within the stream. Wood addition led to less overlap between benthic and edge macroinvertebrate communities, suggesting increased habitat heterogeneity within the stream ecosystem. Of all sampled habitats, wood supported the greatest density of families and was colonised by all functional feeding groups. Wood habitats also had the highest overall richness and supported the most taxa that were sensitive to disturbance. These findings suggest that re-introducing wood to agricultural streams is an appropriate rehabilitation technique where those streams are affected by reduced habitat complexity. Additional work is needed to confirm these findings over larger spatial and temporal scales.
Introduction
Streams and rivers in Australia and worldwide have been dramatically altered by anthropogenic activities. These include channel straightening, alteration of flow regimes and clearing of both riparian zones and entire catchments (Lake and Marchant 1990; Erskine and Webb 2003; Lake 2005) . In particular, management practices associated with agriculture have significantly influenced the ecological condition of streams and rivers. Increased levels of erosion, sedimentation and eutrophication are commonplace, as are reduced shading and organic matter retention (Shields et al. 1994; Crook and Robertson 1999; Robertson and Rowling 2000; Bond and Lake 2005) . These changes tend to simplify the in-stream environment by reducing variation in flow rate, depth, substrate composition and water temperature (Shields et al. 1997; Erskine and Webb 2003; Reich et al. 2003; Bond and Lake 2005) . As the abiotic environment becomes less complex, communities become more uniform and support less biodiversity (O'Connor 1991; Wallace et al. 1995) .
Wood contributes to the physical variation of in-stream environments (for a review, see Scealy et al. 2007 and references therein). Physical habitat complexity has been related to the amount of wood present in the channel for soft-bottomed streams (Shields and Smith 1992) , so wood load could be used as a surrogate for habitat complexity in these systems. The presence of wood in a stream creates areas of local sedimentation and deposition arising from altered flow patterns (Keller and Swanson 1979; Triska and Cormack 1980; Gippel 1995) . Variation in depth and velocity, along with the physical structure of the wood itself, provide habitat for a wide variety of organisms (Scealy et al. 2007 and references therein). It acts as a direct food source and contributes to the retention and processing of particulate organic material (Scealy et al. 2007 and references therein) . Wood has been demonstrated to support higher densities of macroinvertebrates than other in-stream habitats in both Australia and North America (Benke et al. 1985; O'Connor 1991) .
In Australia, the active removal of in-stream wood was common for more than a century and the current amount of wood in most streams and rivers is substantially lower than would have occurred naturally due to both active de-snagging and clearing of source vegetation (Scealy et al. 2007 and references therein). The measured impacts of wood removal on stream morphology include channel expansion and incision, increased movement of sediment through the system and greater homogenisation of channels (Bilby 1984; Erskine and Webb 2003; Brooks et al. 2004) . The need to address these and other degrading processes has been recognised, and efforts to rehabilitate rivers are now common (Hilderbrand et al. 1997; Rutherfurd et al. 2000; Parkyn et al. 2003) . Research has shown that, even after rehabilitation of the riparian zone, recovery of the in-stream environment is slow (>100 years in some cases) and aquatic biodiversity is unlikely to improve in the short term (Harding et al. 1998) . Natural supply processes for in-stream wood, such as branch shedding, will only recover as planted riparian trees reach maturity (Rutherfurd et al. 2000) . Therefore, emphasis has been placed on the artificial re-introduction of wood into these stream channels (Gippel and White 2000; Webb and Erskine 2003) . Large wood (>0.1 m in diameter) has been the focus of many of these rehabilitation attempts (Koehn 1987; Wallace et al. 1995; Hilderbrand et al. 1997; Brooks et al. 2004) . However, small wood has also been shown to be of ecological benefit to fish (Neumann and Wildman 2002; Bond and Lake 2003) and macroinvertebrates (R. Lester, unpubl. data) . Small wood is likely to be of greater importance in smaller stream systems where retention rates are higher than in large streams (Triska and Cormack 1980; Bilby 1984; Lienkaemper and Swanson 1987) and can constitute up to two thirds of the in-stream wood load (Lester et al. 2006) .
Although substantial information exists about how macroinvertebrates use large wood in streams, the majority of studies have been conducted in North America or Europe and in forested landscapes (Keller and Swanson 1979; Lienkaemper and Swanson 1987; Robison and Beschta 1990; Gerhard and Reich 2000; Lemly and Hilderbrand 2000; Lepori et al. 2005) . Such research is not always applicable to Australian systems , which have a unique combination of hydrologic regimes (Peel et al. 2004 ) and vegetation types (Barlow 1994) . In Australia, research in this area is focused on macroinvertebrate colonisation of introduced structures (O'Connor 1991; Downes et al. 2000; Bond and Lake 2005 ) and the addition of large wood to rivers (Koehn 1987; Brooks et al. 2004 ).
In addition, few studies have focused on rehabilitating small streams in agricultural landscapes (hereafter 'agricultural streams'), either in Australia or elsewhere (but see Bond and Lake 2003; Parkyn et al. 2003) . Many agricultural streams are highly degraded and little is known about their response to rehabilitation efforts (Lake 2005) . The presence of wood in agricultural streams has been related to higher macroinvertebrate diversity (Johnson et al. 2003) , but the next step (demonstration of an increase in macroinvertebrate diversity in streams where wood has been re-introduced) has not yet been taken in agricultural landscapes. This study addresses the knowledge gap regarding the response of macroinvertebrate diversity in agricultural streams to wood re-introduction, while also assessing the applicability of overseas findings to Australian streams.
We tested the following hypotheses in order to assess the response of macroinvertebrate communities in agricultural streams to the addition of large and small wood:
• The addition of wood to agricultural streams will increase overall in-stream macroinvertebrate richness and density.
• Macroinvertebrate communities across a variety of in-stream habitats will be affected by the addition of wood as a result of increased habitat complexity.
• Introduced wood will be colonised by a range of taxa over the duration of the study, including those identified as 'associated with wood' in the literature.
• Wood will support a higher diversity and density of macroinvertebrates compared with other habitats in the stream.
Methods

Study sites
Study sites were located in the two high-rainfall (>750 mm per annum), intensive-grazing regions of Victoria, Australia: Gippsland and south-west Victoria (Fig. 1) , which are separated by ∼250 km. Agricultural activities in these regions are primarily beef, dairy and sheep production (DNRE 2002) . Prior to European settlement, the area was dominated by lowland and foothill forests, woodland and grasslands. Since then, substantial clearing of all vegetation classes has occurred, with widespread conversion to exotic pasture grasses (DNRE 1997) . Study sites were selected along perennial streams on intensively-grazed, commercial agricultural properties (Table 1) . A range of grazing types was included so that the results would be generally applicable across the regions. Streams were chosen where they had a depauperate initial load of in-stream wood (and thus low habitat complexity) compared to the reference condition (Lester et al. 2006 ) and a source of macroinvertebrate colonists: either arising from remnant riparian vegetation or older revegetation stands upstream of the study site. Each stream had the riparian zone fenced to exclude stock and re-vegetation had taken place between three and 11 years earlier.
Trees ranged between three and 10 m tall, but structural diversity of vegetation did not yet resemble remnant stands, with very few mature trees or shrubs. The minimum dimensions of the fenced riparian zones were 7 m wide × 100 m of stream length on both sides of the stream.
Sixteen stream reaches were selected as study sites. Eight sites were located in each of the two geographical regions (Fig. 1) , and were selected in treatment and control pairs. Control and treatment pairs were located either on the same stream, different tributaries of the system or in a neighbouring system. Sites were initially paired based on a habitat assessment where within-pair habitat variation was minimised. The assessment included parameters such as median and maximum flow velocity, water depth, average substrate particle size, complexity of in-stream habitat, nutrient concentrations, catchment area and riparian vegetation composition. Subsequent investigation of initial macroinvertebrate community composition detected no significant differences in family richness or community composition within pairs.
Data collection
All study sites were sampled in pairs on five occasions (Table 2) : two before the addition of wood and three following the introduction of wood. A 10-m reach was chosen at each site and revisited on each occasion for the collection of samples. Macroinvertebrates were sampled from three in-stream habitats: benthos, edge and wood. For the purposes of this study, benthos is defined as the active streambed, edge habitats are defined as the edges of the active stream (∼1 m in width) and wood habitats are defined as the introduced wood in the stream. Six benthic samples were taken at random intervals along the fixed reach using a sediment corer (0.065 × 0.065 × 0.135 m). Edge habitat was sampled semi-quantitatively with a 5-m sweep sample (using a 30-cm-wide net with 250-µm mesh for 1-2 min). Six samples of macroinvertebrates were collected from randomly chosen pieces of wood using a modified 'snag bag' which is a circular net (250-µm mesh) that envelops a pieces of wood to enclose all biota in situ (Growns et al. 1999) . These biota are then removed, by scrubbing the wood with a brush, and collected. Samples were collected from sections of the wood that were both wet and accessible (i.e. not exposed above the stream or buried in the bed). Where the area suitable for sampling exceeded the maximum capacity of the snag bag (1.05-m length), a random sub-sample was taken. Control sites, and treatment sites before the addition of wood, contained no (or very little) in-stream wood, so only benthic and edge habitats could be sampled at these sites (Table 2) . Ethanol (70%) was used to preserve macroinvertebrate samples, which were then processed in the laboratory by hand. Samples were sieved (250-µm mesh) and macroinvertebrates were identified to family level (Chessman et al. 2002) using keys described in Hawking (2000) . The exceptions were Acarina, Table 2 . Sampling regime at control and treatment sites over time, illustrating the habitats sampled and sampling method at each site The benthos was sampled with 6 sediment cores. Edge samples consisted of a 5 m sweep and wood habitats were sampled with 6 'snag bag' samples. Wood habitats were not sampled at control sites or at treatment sites before the addition of wood due to the absence or very low frequency of that habitat
Sampling occasion
Control sites (n = 8) Treatment sites (n = 8)
Oligochaeta, Hirudinea, Isopoda, Platyhelminthes, Mecoptera and Megaloptera, which were identified only to class or order level. Identification of specimens to family level sufficiently illustrates trends in macroinvertebrate communities (Wright et al. 1995; Downes et al. 2006) . Given the available resources, identification to family allowed for additional site replicates to be included in the study, thereby increasing the power of the analyses.
On each sampling occasion, habitat and water quality assessments were repeated (as per site selection assessments) to ensure conditions other than those experimentally manipulated remained constant.
Introduction of wood
Wood was placed into the stream at treatment sites only, immediately following sampling in autumn 2004. An average local reference wood load of 71 pieces per 50 m of channel with a volume of 0.021 m 3 m −2 and surface area of 0.386 m 2 m −2 was established from eight nearby streams with no history of de-snagging or riparian clearing (Lester et al. 2006) . This load was within the ranges reported by other studies, including those conducted in Australia (see Wallace and Benke 1984; O'Connor 1992; Marsh et al. 1999) . This reference wood load was used to determine the amount and size classes of wood added to treatment sites. Thirteen branches (0.05-0.35 m in diameter) were placed into each study reach and anchored using steel pickets and twine to prevent downstream transport. Eight pieces were arranged in a single clump (or debris dam) ∼1.5 m in diameter; and five were anchored as single pieces to mimic natural distribution patterns (Lester et al. 2006) . For each region, a locally indigenous species was used for the additions (Strzelecki gum Eucalyptus strzeleckii in Gippsland and messmate stringybark Eucalyptus obliqua in south-west Victoria: Costermans 1994). Branches were sourced from fallen timber on private properties and from logging coupes where pieces would otherwise have been burned. For the duration of the experiment, any wood that was transported downstream was replaced after sampling to ensure a consistent load (although a change in the anchoring technique from wire to nylon twine meant that pieces were no longer lost after spring 2004). All pieces were resident for a minimum of six months, allowing sufficient time for each to be fully colonised (McKie and Cranston 1998) .
Data analysis
In order to test directly for a treatment effect, control sites and treatment sites before wood addition were designated as 'untreated'. Following the addition of wood, treatment sites were designated as 'treated'.
Macroinvertebrate community attributes
To characterise the macroinvertebrate community composition at treated and untreated sites, several macroinvertebrate community attributes were calculated. These were: number of families found (number of families); total abundance of macroinvertebrates (abundance); number of families belonging to orders considered sensitive to disturbance, i.e. Ephemeroptera, Plecoptera and Trichoptera (number of EPT); average SIGNAL 2 sensitivity score (SIGNAL2 score); and Shannon's Evenness index (Shannon's E) (Growns et al. 1997; Chessman 2003; Shaw 2003) .
All taxa were also assigned to functional feeding groups: collector-filterers (C f ), collector-gatherers (C g ), collectorscrapers (C scr ), collector-shredders (C shr ), predators (Pred), scrapers (Scr) and shredders (Shr) (after Williams 1980; McCafferty 1981; Merritt and Cummins 1984; Boulton and Lloyd 1991; Growns and Davis 1994; McKie and Cranston 1998; Gooderham and Tsyrlin 2002) . Where information regarding the appropriate functional feeding group was unavailable, taxa were designated as unallocated (Un). As richness in some groups was very low, several feeding groups were also aggregated for analyses: collectors (C comb ; consisting of C f , C g , C scr and C shr ), scrapers (Scr comb ; incorporating C scr and Scr) and shredders (Shr comb ; adding C shr and Shr). Some individual functional feeding groups are part of more than one combined group and so were counted once for each combined group (i.e. C shr occurs in both C comb and Shr comb ). This resulted in double counting of 4.6 families per site, on average, so the analyses for C comb , Scr comb and Shr comb are not independent, but can illustrate broad trends. Analyses were also conducted for each individual functional feeding group, and these are fully independent.
Effect of the addition of wood
In order to test for an effect of wood addition on the entire macroinvertebrate community, data from benthic and edge habitats were combined (referred to as 'common habitats'). As wood was not present in untreated sites, data collected regarding macroinvertebrates occupying wood habitats was not included for common habitat analyses. Each habitat was also analysed separately.
Data for each macroinvertebrate community attribute for each habitat were analysed statistically using ANOVA in GenStat 7.2 software (Mead et al. 1993) . The ANOVA was structured with wood-treatment and sampling occasion nested within site-pair as the blocking structure. This allowed for random effects of pair, treatment, sampling occasion within pair, and sampling occasion within site. The treatment (fixed effects) structure untreated streams # families is the number of families observed, Abundance is the number of individuals counted, # EPT is the number of families of Ephemeroptera, Plecoptera and Trichoptera, SIGNAL2 score is the average SIGNAL2 sensitivity score and Shannon E is the value of Shannon's evenness index. Values are presented as 'combined mean (ese)', where ese is the effective standard error of the combined mean. Samples are combined at each site for each sampling occasion; n is the sample size. * denotes significant differences between treated and untreated streams. No significant differences were detected between regions was factorial: wood-treatment by occasion by region. Box's test for compound symmetry of the covariance matrix was performed to check the split-plot (repeated-measures) variance structure implied by the statistical model (Box 1950) . Treatment effects were estimable both between and within sites, given that wood was applied to treatment sites only after the second sampling occasion. The combined means with estimated standard errors (e.s.e.) and effective degrees of freedom were used to obtain approximate t-tests for the effects of treatment and region by treatment. Post hoc tests were not considered necessary as no exploratory analyses were conducted (Saville 2003) . Effects are only reported where they are significant at a level of α = 0.05. The lowest number of effective degrees of freedom was 19.33. For those variables showing significant compound asymmetry in their repeated-measures structure, an auto-regressive order-1 repeated-measures linear mixed model (REML) was used in place of the ANOVA (Galwey 2006) . The same random and fixed effects were specified as for the ANOVA model except for the absence of a pair by sampling occasion random effect and the inclusion of an AR(1) process for occasion within sites.
For both ANOVA and REML, residuals were inspected to assess assumptions of normality and of homogeneity of variances. Data were log-transformed and outliers removed where appropriate.
Characteristic and distinguishing taxa
To characterise the fauna at treated and untreated sites, similarity percentages (SIMPER) from Bray-Curtis similarities (applying either a log or fourth-root transformation as appropriate) were used (PRIMER 5.2: Clarke and Gorley 2001). Data were not standardised. The ten taxa that contributed most to the similarity within site types (referred to as 'characteristic taxa') or dissimilarity between site types (referred to as 'distinguishing taxa') were identified. Taxa were only considered to be good discriminators where the ratio of the average similarity-to-similarity standard deviation (or average dissimilarity to dissimilarity s.d. ratio) was greater than 1.4 (Clarke and Warwick 2001) .
Comparison of adjusted family richness and density between habitats at treated sites
Differences in family richness and density across each habitat were assessed using sample-based rarefaction (EstimateS 7.5.0: Colwell 2005) . For each habitat, family richness and density were adjusted to account for differences in sampling effort between habitat types (Gotelli and Colwell 2001) . Only treated sites were included in the analysis as wood was not present at untreated sites. Rarefaction calculates an average number of families observed by repeated random selection of samples taken. These values are thus scaled to account for differences in sampling effort and the standardised average numbers of families observed in each habitat were compared.
To allow for appropriate comparison between sampled habitats, scaling was undertaken for several different measures. Rarefaction curves were scaled to show the observed number of families for equal numbers of individuals (referred to as 'adjusted family richness') and for equal numbers of samples (referred to as 'adjusted family density') (Gotelli and Colwell 2001) . Adjustments were also made for sample dimension, including the volumes and surface areas sampled (referred to as 'adjusted family density per unit volume' and 'adjusted family density per unit surface area') (Heilmann-Clausen and Christensen 2004).
Results
Effect of the addition of wood on common habitats
Across the common habitats sampled, treated sites supported a greater number of families than untreated sites (P < 0.001) ( Table 3) . Family richness for most functional feeding groups was also higher at treated sites than untreated sites: C g (P = 0.035), C scr (P = 0.008), C shr (P = 0.004), Pred (P = 0.003) (Table 4). All combined functional feeding groups also showed higher family richness at treated sites; C comb (P < 0.001), Scr comb (P = 0.028) and Shr comb (P = 0.050).
No regional differences were detected in macroinvertebrate communities even after the addition of wood. This was the case for all macroinvertebrate attributes and functional feeding groups tested (Table 3) .
Effect of the addition of wood on individual habitats
When considering the habitats individually, differences were observed between treated and untreated sites (Tables 5, 6 ). Within edge habitats, untreated sites had higher richness of both shredders (Shr; P = 0.029) and scrapers (Scr; P = 0.046) than treated sites.
Families occupying benthic habitats in treated streams had higher average sensitivity than those at untreated streams (SIGNAL2 score, P = 0.006) ( Table 5 ). Untreated streams had greater richness of benthic C g families (P < 0.001) ( Table 6 ).
Wood habitats were not sampled at untreated sites, owing to the low frequency of that habitat type. However, differences were detected in the fauna colonising wood habitats between regions for C scr (d.f. = 1, P = 0.035) and Shr comb (d.f. = 1, P = 0.029).
Characteristic and distinguishing taxa
The taxonomic compositions of macroinvertebrate communities were similar at treated and untreated sites. This was apparent from the taxa that were characteristic of edge and benthic habitats (Table 7) . Chironomidae, Hydrobiidae and Leptophlebiidae were characteristic of both untreated and treated sites for both habitats. Leptoceridae and Paramelitidae characterised untreated streams in edge habitats. In benthic habitats, untreated streams were characterised by Physidae, Tipulidae and Ceinidae. When considering benthic or edge habitats, no taxa in the top 10 were characteristic of only treated sites.
Only wood habitats were characterised by Scirtidae and Gripopterygidae. Wood habitats showed the greatest degree of similarity of any habitat or site type (Av. Sim. = 44%) ( Table 7) .
Few differences were observed between the taxa distinguishing treated and untreated sites. Many of the same taxa that characterised either treated or untreated streams also contributed to the dissimilarities between these site types (Table 8) , indicating that relative abundances changed, rather than presence or absence of families. There was a trend across each habitat for distinguishing taxa to be more abundant at untreated than treated sites. Ceinidae and Chironomidae were the only exceptions to this trend, being more abundant in edge habitats at treated sites. Edge habitats were more dissimilar between treated and untreated sites (Av. Diss. = 82%) than benthic habitats (Av. Diss. = 63%).
Comparison of adjusted family richness and density between habitats at treated sites
At treated sites, the introduced wood habitat supported the highest adjusted family densities per unit volume and per unit surface area of the habitats sampled (Fig. 2) . This difference was statistically significant (Fig. 2c, d) . Benthic habitats contained a slightly higher adjusted family richness than either edge or wood habitats, but had the lowest adjusted family density of the three habitats at treated sites (Fig. 2a, b) .
The trend towards greater diversity in wood habitats was also reflected in the macroinvertebrate attributes. Wood samples supported the highest number of families and the highest sensitivity score (Table 5 ). All functional feeding groups had successfully colonised the introduced wood habitat over the twelve-month period following introduction. The richness of each group (with the exception of Un) was greater in wood habitats than for any other individual habitat sampled (Table 6 ).
Discussion
The addition of wood to small streams in agricultural landscapes had a measurable impact on the biodiversity of those streams. Following the addition of wood, significant changes in macroinvertebrate community attributes occurred across all individual habitats and in the common habitats sampled. Treated sites showed the greatest diversity of macroinvertebrates across the common habitats.This trend was apparent for overall family richness, as well as for richness of most functional feeding groups.
Our results are consistent with those found overseas and in forested landscapes. After the addition of wood to a mountain stream in the USA, Wallace et al. (1995) found higher abundances of collectors and predators, and changes in the composition of the shredder community. Smock et al. (1989) found that all functional feeding groups (except gatherers) increased with the number of debris dams owing to increases in particulate organic matter and Johnson et al. (2003) found that the presence of wood increased taxonomic richness in two agricultural streams in the USA. Previous studies within Australia have not addressed macroinvertebrate community composition (Koehn 1987; Bond and Lake 2003; Brooks et al. 2004) . Here, we experimentally demonstrate a causal relationship between the re-introduction of wood to agricultural streams and increases in macroinvertebrate family richness, thereby illustrating the potential of this technique in stream rehabilitation programs.
Based on previous research, we would expect the presence of wood to increase habitat heterogeneity in streams, providing a wider range of niches for use by in-stream fauna (Wallace et al. 1995; Lemly and Hilderbrand 2000) . Habitat heterogeneity was identified as a major factor driving local biodiversity in two US agricultural streams (Johnson et al. 2003) . Our findings of increased diversity associated with introduced wood supports a similar conclusion for agricultural streams in southern Australia.
The presence of higher numbers of predators, in particular, may indicate an increase in the complexity of the food web supported in the reach. Additional higher-order consumers suggest sufficient heterogeneity of conditions to support a wider range of taxa. Higher richness of shredding macroinvertebrates also indicates greater habitat complexity.These taxa are dependent on the availability of coarse particulate organic matter (Smock et al. 1989; Fenoglio et al. 2005) , which can be associated with the presence of wood in a stream (Benke et al. 1985) . These findings build on previous work linking habitat complexity and macroinvertebrate community composition (Benke et al. 1985; Johnson et al. 2003) by confirming that the addition of wood to streams in agricultural landscapes increases family richness, suggesting that it is an effective tool to enhance biodiversity. Given that the link between habitat complexity and community composition has been demonstrated in streams outside of Australia (Shields and Smith 1992) , it is likely that these findings will also be more broadly applicable around the world.
The two regions investigated here showed similar responses to the addition of wood, despite differences in longitude and the species of wood used. This suggests that our results have some generality. It is important to note, however, that locally indigenous tree species were used in each region, which may contribute to these findings (McKie and Cranston 2001). Using locally sourced wood is also important to mitigate the risk of transporting either disease or pest species between regions, and may increase the utilisation of the wood by stream invertebrates that have coevolved with local wood varieties.
Although an increase in richness was observed in response to the introduction of wood for common habitats within the streams, benthic and edge habitats individually did not show a corresponding response. There were no increases in overall richness or in the richness of individual functional feeding groups. This suggests that there was less overlap between the macroinvertebrate communities occupying benthic habitats and those occupying edge habitats at treated sites when compared to untreated sites. Benthic habitats showed a decline in the richness of collector-gatherers, and edge habitats had fewer shredder and scraper taxa following the introduction of wood (Table 6) . It is possible that these taxa preferentially occupy wood-associated niches where available, rather than benthic or edge habitats. This hypothesis is supported by the generally higher abundances of characteristic taxa at wood habitats than elsewhere in the stream and the generally lower abundances for distinguishing taxa at untreated than treated sites. Other studies have found decreases in the abundance of some orders (e.g. Plecoptera, Coleoptera, Trichoptera and Oligochaeta) in the benthos after wood addition (Hilderbrand et al. 1997 ) and changes in the overall benthic macroinvertebrate community of a stream, but little change within individual riffles or pools (Lemly and Hilderbrand 2000) . This study corroborates those findings and suggests that the macroinvertebrate response to the addition of wood is complex and dependent upon habitat types present within the stream channel.
Although there were increases in the richness of macroinvertebrates at treated sites, there was no increase in the number of sensitive families (EPT taxa) or the overall sensitivity as measured by SIGNAL2 scores (except in benthic habitats). This may be owing to a lack of available colonists from sensitive taxa. All of the study sites were located within highly modified landscapes over broad geographic areas, often with limited connections to remnant riparian vegetation. The distance from suitable source colonies may contribute to the lack of a response in sensitive taxa, or may have increased the amount of time until a response would be seen. The recovery of sensitive taxa may be constrained in these systems by the continued degraded state of other aspects of these agricultural streams, such as increased nutrient loads or decreased levels of shading (Hendry et al. 2003) . Any rehabilitation technique will be constrained by other degraded aspects of the system (Larson et al. 2001) . For example, Larson et al. (2001) found that the addition of wood did not improve the biological condition of urban streams and Laasonen et al. (1998) found little evidence that macroinvertebrate assemblages in Finnish streams were approaching assemblages expected under pristine conditions, despite restoration works up to 16 years previously. In both cases, it could be concluded that the techniques used for rehabilitation did not address the cause of degradation (in those cases, possibly poor water quality). While the rehabilitation technique used here did improve the biodiversity of the stream, it has not addressed all aspects of degradation in the stream and there is a case for further rehabilitation works.
The scale at which the study was undertaken may also explain why sensitive taxa did not respond to the addition of wood. For successful rehabilitation, the scale of the rehabilitation effort must correspond to that of the degrading process (Hobbs and Norton 1996) . This was illustrated for macroinvertebrates in urban streams by Walsh et al. (2005) and for a range of rivers by Harrison et al. (2004) . Habitat complexity, including the presence of in-stream wood, was identified as a process operating at the scale of channel units (with channel unit defined as a riffle or pool) by Poff (1997) and so this scale was chosen as the focus of this study. The temporal scale of this study was also short (18 months, including 12 following wood addition), which may have limited our ability to detect responses in some taxa, or longer-term trends. For example, changes in channel shape can continue over decades, along with macroinvertebrate responses to these changes (Greenwood et al. 1999) . These longer-term responses could not have been detected in this study. The study does, however, clearly demonstrate the potential for wood introduction as a useful technique in the rehabilitation of agricultural streams. Further work is now needed to assess how this potential is affected by processes operating at larger or smaller scales than those investigated here. Wood is a valuable habitat within a stream environment, but its addition cannot address all degradation associated with agricultural landscapes. The addition of wood to streams should be used in conjunction with additional techniques appropriate to the range of degrading processes present (e.g. fencing and re-vegetation). When differences in sample dimension were taken into account, wood was shown to support significantly higher adjusted family density per unit volume and higher adjusted family density per unit surface area than either benthic or edge habitats. These findings are in line with those of O'Connor (1991) and Benke et al. (1985) , who found that wood is often associated with higher macroinvertebrate richness, biomass and abundance than other in-stream habitats. Benke et al. (1985) found that wood supported twice the macroinvertebrate richness of sand and mud habitats and up to 60% of the biomass per linear metre of stream, despite accounting for only 4% of the available habitat area. O'Connor (1991) found that wood habitats were richer in terms of biomass than benthic habitats, despite having fewer individuals per unit area. The findings of these studies, along with those presented here, demonstrate the benefit of experimentally added wood for in-stream macroinvertebrate biodiversity in streams where habitat complexity is compromised.
The wood introduced at treated sites was colonised rapidly by all functional feeding groups and richness for almost all groups was higher in wood habitats than for any other habitat sampled. Fauna characteristic of wood habitats was not limited to those taxa considered to be wood-associated in the literature (e.g. Elmidae: McKie and Cranston 1998). Experimentally-added wood has been shown to support similar abundances to natural wood after a matter of months (McKie and Cranston 1998), and to be colonised by predominantly non-xylophagus taxa (McKie and Cranston 1998). In both this study and that of McKie and Cranston (1998) , the addition of wood clearly affected the habitat and food availability for the wider in-stream community, not only the families known to be associated with wood in the literature. The ability of macroinvertebrates of a wide range of taxa to use the introduced wood habitat confirms the value of the addition of wood to streams as a rehabilitation technique for streams in agricultural landscapes.
Conclusions
The addition of wood to streams in agricultural landscapes enhanced the overall macroinvertebrate richness and density of those streams. Edge and benthic habitats supported more distinct macroinvertebrate communities, suggesting that wood addition increased habitat heterogeneity within the stream.A range of taxa preferentially used wood habitats, and wood habitats supported the greatest family density of all the in-stream habitats sampled. In summary, this study provides evidence that wood is a valuable in-stream habitat component and experimentally demonstrates that its addition directly increases the overall macroinvertebrate density and richness of agricultural streams. The addition of wood to streams is, therefore, an appropriate rehabilitation technique that enhances biodiversity even after short residence times.
